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ABSTRACT 

A p re l imina ry  design concept f o r  a console  t o  e v a l u a t e  
t h e  v i s u a l  sampling behavior  of t h e  a s t r o n a u t s  i s  p resen ted .  

The main f e a t u r e  of t h e  des ign  i s  t h e  use  of p i v o t i n g  
and t e l e scop ing  a r m s  w i t h  ins t rument  heads mounted a t  t h e  ends.  
T h i s  f e a t u r e  makes it p o s s i b l e  t o  o b t a i n  a v a r i e t y  of d i s p l a y  
conf igu ra t ions  as w e l l  as t o  a d j u s t  t h e  d i s t a n c e  of t h e  i n s t r u -  
men t s  i n  accordance w i t h  t he  v i s u a l  f i e l d  of each a s t r o n a u t .  
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I.  INTRODUCTION 

I n  a r e c e n t  memorandum ( R e f .  1) , t h e  au tho r  reviewed 
t h e  l a t e s t  r e sea rch  i n  t h e  v i s u a l  sampling behavior  of p i l o t s  and 
a s t r o n a u t s ,  and concluded t h a t  t h i s  a s p e c t  of v i s i o n  could be used 
a s  an i n d i c a t o r  of stress, and hence as a method of a n t i c i p a t i n g  
performance degrada t ion  during long d u r a t i o n  f l i g h t s .  

Visua l  sampling behavior ,  namely, r a p i d  eye  movements 
a c r o s s  mul t i - ins t rument  d i s p l a y s ,  can be  recorded by r e f l e c t i n g  
low i n t e n s i t y  i n f r a - r e d  l i g h t  from the  eyes i n t o  p h o t o e l e c t r i c  
s enso r s .  T h i s  type of i n s t rumen ta t ion ,  which i s  desc r ibed  i n  
g r e a t e r  d e t a i l  i n  t h e  previous memorandum, r e q u i r e s  t h a t  t h e  head 
of t h e  p i l o t  o r  a s t r o n a u t  be he ld  s t a t i o n a r y  w i t h  r e s p e c t  t o  t h e  
d i s p l a y .  More advanced eye t r a c k i n g  appara tus  i s  under development 
which may make it p o s s i b l e  t o  record eye  p o s i t i o n s  wi thout  res t ra in-  
i n g  t h e  head, b u t  t h i s  has not  been accomplished t o  d a t e .  

The purpose of t h i s  memorandum is  t o  p r e s e n t  a p re l imina ry  
des ign  concept f o r  a console  t o  e v a l u a t e  t h e  v i s u a l  sampling of t h e  
a s t r o n a u t s ,  and t o  d i s c u s s  some of t h e  f a c t o r s  t h a t  should be taken  
i n t o  cons ide ra t ion  i n  developing t h i s  equipment. 

11. DESCRIPTION O F  THE CONSOLE 

A. The Telescoping A r m s  

A concept for  the v i s u a l  sampling console  i s  g iven  i n  
F igu res  1 and 2. Four t e l e scop ing  a r m s  are shown wi th  ins t rument  
heads.  I t  should be noted t h a t  these ins t ruments  are n o t  e x a c t  
d u p l i c a t e s  of those  found i n  a i r c r a f t  o r  s p a c e c r a f t  c o c k p i t s ,  a l though 
t h e r e  may be circumstances under which w e  may w i s h  t o  approximate 
t h e  a c t u a l  ins t ruments  more c l o s e l y .  The t a s k  of t h e  s u b j e c t  is t o  
scan  t h e  fou r  in s t rumen t s ,  looking f o r  a v a r i e t y  of s i g n a l s  such as: 
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1. I n d i v i d u a l  instrument  r ead ings  above o r  
below a ce r t a in  value.  

2 .  I n d i v i d u a l  instrument  readings  changing ( a t  
va r ious  ra tes )  toward p a r t i c u l a r  t h r e s h o l d s .  

3. Two or more instruments  w i th  readings  i n  
t h e  c a t e g o r i e s  above. 

The t e l e scop ing  arms s e r v e  s e v e r a l  purposes .  They 
provide a convenient  means of conserving space when t h e  v i s u a l  
sampling appara tus  i s  n o t  being used. They permi t  va r ious  con- 
f i g u r a t i o n s  of t h e  ins t ruments ,  such as a r e c t a n g l e ,  semi-circle, 
e t c . ;  it should be noted here  t h a t  t h e  arms would p i v o t  and t h a t  
t h e  ins t rument  heads a l s o  p ivo t  about t h e  end of  t h e  arms so t h a t  
t h e  ins t ruments  can be o r i e n t e d  towards t h e  h o r i z o n t a l .  

F i n a l l y ,  and of p a r t i c u l a r  importance,  i s  t h e  f a c t  
t h a t  t h e  l eng th  of  t h e  arms can be a l t e r e d  i n  accordance wi th  the 
" f i e l d  of  view" of each ind iv idua l .  
each person can comfortably see o u t  t o  cer ta in  angles  i n  g iven  d i -  
r e c t i o n s .  These angles  d i f f e r  f o r  each i n d i v i d u a l ,  and, once 
determined f o r  each a s t r o n a u t ,  can be used t o  p o s i t i o n  t h e  ins t rument  
heads for  the  v i s u a l  sampling experiments t o  be conducted i n  space.  

With t h e  head h e l d  s t a t i o n a r y ,  

For purposes of research on t h e  ground, t h e  console w i l l  
be mounted on t h e  p e d e s t a l  and t h e  wires running through t h e  te le-  
scoping arms can be maintained a t  a s l i g h t  t e n s i o n  by means of 
p u l l e y s  and weights .  The space v e r s i o n  of t h e  console ,  which will 
be mounted i n  a rack, can use s p r i n g  tens ioned  reels t o  keep t h e  
w i r e s  from t a n g l i n g  when t h e  t e l e scop ing  arms a r e  moved i n  or o u t .  

B.  The Instrument  Heads 

AS mentioned above, t h e  concept env i s ions  d i g i t a l  ins t rument  
heads.  
D i g i t a l  d i s p l a y s  have t h e  advantage of r e q u i r i n g  a minimum of i n t e r -  
face equipment between W e  instruments  and a d i g i t a l  computer which 
w i l l  serve t o  c o n t r o l  t h e  v i sua l  sampling experiments .  

If d e s i r e d ,  t h e s e  c a n  be rep laced  by analog ins t rument  heads.  
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C. T h e  Response Mechanism 

I n  a c t u a l  f l i g h t ,  a p i l o t  or a s t r o n a u t  scans  h i s  
cockpi t  ins t ruments  and c o n t r o l s  h i s  v e h i c l e .  T h i s  c o n t r o l l i n g  
behavior  may be  e i t h e r  d i s c r e t e  o r  cont inuous,  as exemplif ied 
by s e t t i n g  a switch or moving a j o y s t i c k ,  r e s p e c t i v e l y .  The 
l a t t e r  i s  gene ra l ly  cha rac t e r i zed  a s  " t r ack ing"  behavicrr, and 
is considered a s  a s e p a r a t e  measurement f o r  a s s e s s i n g  a s t r o n a u t  
performance du r ing  long du ra t ion  f l i g h t s .  Therefore ,  responses  
should be  employed t h a t  do not  involve  t r a c k i n g ,  b u t  ra ther  
i d e n t i f y i n g  r e l e v a n t  information i n  one or more of t h e  i n s t r u -  
ments, and p r e s s i n g  t h e  correct bu t ton  or  l e v e r  i n  a hand he ld  
response mechanism. 

I n  ear l ier  apparatus  f o r  s tudy ing  visual sampling 
behavior ,  Senders ( R e f .  2 )  used a s i n g l e  bu t ton  on a hand h e l d  
response mechanism t o  i n d i c a t e  t h a t  t h e  s u b j e c t  had d iscovered  
s i g n i f i c a n t  in format ion  i n  one of t h e  ins t ruments .  I t  was 
assumed t h a t  t h e  subject ' s  response t o  t h i s  in format ion  would 
be c o r r e c t ,  and the  experiment w a s  confined t o  an a n a l y s i s  of 
h i s  a b i l i t y  t o  p i ck  up t h e  necessary informat ion  w i t h i n  t h e  
t i m e  allowed. 

I n  us ing  t h e  apparatus  suggested h e r e ,  it may be 
desirable t o  provide f o r  a somewhat more e l a b o r a t e  response range 
by having s e v e r a l  l e v e r s  t o  press which correspond t o  o p e r a t i o n a l  
a l t e r n a t i v e s  such as Normal Mode, Emergency Mode, e tc .  I t  should 
be noted t h a t  by provid ing  response a l t e r n a t i v e s ,  t h e  s tudy i s  
no longer  confined t o  v i s u a l  sampling behavior  b u t  i n c l u d e s  t h e  op- 
t i o n  of analyzing s e l e c t i v e  responses t o  the  informat ion  acqui red  
by t h e  a s t ronau t .  

111. OTHER CONSIDERATIONS 

A s  noted above, t he  e y e  movement record ing  equipment 
a v a i l a b l e  t o  d a t e  r e q u i r e s  t h a t  t h e  head be h e l d  s t a t i o n a r y  w i t h  
r e s p e c t  t o  the d i sp lay .  The m o s t  p r e c i s e  way of p o s i t i o n i n g  t h e  
head i s  by means of a " b i t e  p l a t e " ,  which c o n s i s t s  of a p l a s t i c  
mouthpiece which i s  smooth on t h e  bottom b u t  conforms t o  t h e  
upper set  of teeth. T h i s  mouthpiece i s  f a s t ened  t o  a b a r  which 
i n  t u r n  f i t s  i n t o  a s l o t  i n  t h e  v i s u a l  sampling appara tus  ( n o t  
shown i n  t h e  f i g u r e s ) .  I n  use, the  i n d i v i d u a l  main ta ins  a s l i g h t  
p r e s s u r e  on t h e  b i t e  p l a t e ,  thus p o s i t i o n i n g  t h e  head a t  a pre-  
cise d i s t a n c e  f r o m  the apparatus .  
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IV. CONCLUSIONS AND RECOMMENDATIONS 

One of t h e  concepts p r e s e n t l y  under s tudy  by NASA i s  
t h e  use of  an I n t e g r a t e d  Medical and B io log ica l  Laboratory Sys t en  
(IMI~LMS) which would con ta in  a set  of  medical and behav io ra l  
experiments f o r  t h e  a n a l y s i s  of t h e  cond i t ion  of t h e  a s t r o n a u t s  
du r ing  long du ra t ion  f l i g h t s .  Although s e v e r a l  tes ts  of a s t r o -  
nau t  v i s i o n  are planned, visual  sampling behavior  i s  mentioned 
only i n  pass ing .  One of t h e  reasons  f o r  g l o s s i n g  over t h i s  
v i t a l  a s p e c t  of v i s i o n  i s ,  i n  t h e  au tho r s  opin ion ,  t h e  h i t h e r t o  
unsolved problem of developing a console  f o r  t h i s  assessment ,  
which a t  t h e  same t i m e ,  could f i t  i n t o  t h e  l i m i t e d  space  ass igned  
t o  each of t h e  IMBLMS experiments.  A space-conserving des ign  
f o r  such a console  i s  presented  here. 

I n  a d d i t i o n ,  t h e  au thor  recommends t h a t  t h e  ground 
based r e sea rch  and v e r i f i c a t i o n  of t h i s  approach should n o t  be 
t i e d  exc lus ive ly  t o  the IMBLMS program, b u t  t h a t  t h e  e x i s t i n g  
program of research  i n  v i s u a l  sampling behavior  sponsored by 
Langley Research Center (R .  T .  Saucer ,  Cont rac t  Monitor) be 
expanded t o  inc lude  console  development, and both  ground and 
f l i g h t  s t u d i e s .  

10  12-MAR-kle M .  A. Robinson 
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